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In orderto improvethe accuracyof NOAA'’s operationaEl Nino forecastingsystem a seriesof modelexperimentavas performedto assesshe impactof assimilatingdifferentcombinationsof in-situ and

satellitederivedobservationsnto the NCEP operationaloceananalysis. In the first experimentdesignatedModel(t), only in-situ temperaturavas assimilatedn additionto wind forcing. In the second,
Model(t,s), syntheticsalinity profiles derivedrom temperatur@and T/P sedevel observations weralso included.Finally, inthe third experimentModel(t,s,tp), temperatunarofile corrections alsalerived

from T/P observations were added to the assimilation scheme.

In generalall threeexperimentshow high correlationgr>0.8) betweenmodelsealevel and T/P sealevel in a +/-10° latitude bandalongthe equatorand muchlower valuespolewardof 10°. Within the
equatorialband,two typesof salinity problemsareidentified, eachproducingdiscrepanciesf 5to 10 cm. The mostseriousis a drift in the M(t) run causinga fictitious 0.6 psudeclineof the subsurface
salinity maximum in the western Pacific between 1993 and 1996. Comparisons with independent CTD observations verify that both the M(t,s) and M(t,s,tp) runs correct this problem.

Thesecond typef salinity error isassociated withhe zonal displacemertf the Western WarnPool duringperiodsof westerlywind burstsand ENSCactivity. Theeastern bounda

9f theWarm Poolis

markedby sharpgradientsin both salinity and temperature. Becauseof the abundanceof in-situ temperaturedataand absenceof in-situ salinity data,all of the model runs correctly accountfor the
temperature fluctuations associated with displacements of the eastern boundary, but none completely account for the salinity fluctuations.

1. Experiments

The oceandata assimilationsystemusedin theseexperimentss basedon the oceangeneralcirculation model, MOM v.1,
developedat GFDL. The modelis confinedto the Pacificbasinandhasa nominalhorizontalresolutionof 1° with increased
resolutionin the tropicsanda verticalresolutionof 28 levels. In all experimentdhe modelwas driven by monthly valuesof
wind stresscomputedfrom 10 meter winds, surface heat flux, precipitation and evaporationfrom the NCEP/NCAR
atmospheriaeanalysig1]. In addition,the surfacetemperaturevas relaxedto an analysisof the observedSST [2]. The
assimilationsystem isa 3D variational schemeriginally developed byDerberand Rosat[3] to assimilate temperatupgofile
dataand subsequenthextendedo assimilateother datatypes[4]. Threeexperimentsare includedin this study. The first,
designatedModel(t), assimilatesonly in-situ temperatureprofiles. The second,Model(t,s), in addition to temperature
assimilatessyntheticsalinity profiles computedby the methodof Maesand Behringer[5]. Finally, the third experiment,
Model(t,s,tp),assimilatesl/P observationgswell. In this lastexperimentthe T/P dataare usedto apply further correctionto
the temperatureand salinity fields. The informationon the seasurfaceheight,containedin the T/P data,is distributeddown
Into the water column through the specification of the first guess (or model) error covariance.
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2. Sea Level Correlations

To asseskhow well thedifferent combinations ahput data are abl® accurately reproducgea level, Figl presents get of
mapsshowingthe correlationbetweenT/P sealevel and modelsealevel computedover the interval 1993-99. In generalall
threeexperimentshow high correlationgr>0.8) nearthe equatorand mediumto low values(r=0.2to 0.4) at latitudeshigher
than10°. However,thereare significantdifferencesparticularlyin the westernPacific. The M(t) runis conspicuouslyveak
between 160°E and 200°E along the equator and also south of the equator.

To determinef thesedifferencesrelateto ENSO activity, sealevel correlationswvere alsocomputedfor two time intervals,
1993-95,1996-99, Figs2 and3, respectively.The firstcorresponds ta period ofrelatively neutralSouthern Oscillatiomndex,
but somewesterlywind burstactivity. The secondincludesthe strongEl Nino/La Nina eventsof 1996-98. Both periods
exhibit zonal correlationmaximumsalongthe equatorin all threeruns,asin Fig. 1., howeverthe maximumsare significantly
weaker andnore narrowly confined tthe equator irthe 1993-95 period comparga the 1996-9%eriod. Also in1993-95, all
three experiments show a low correlation bullseye on the equator near the dateline.

Salinity

3. Subsurface Salinity Maximum Problem

A closeexaminationof the modelresultsin the westernequatorialPacific revealstwo typesof salinity problemscontributingto
weak sea level correlations. Thwst serious Is a fictitious 0.6 psu decline in the magnfitlee subsurface salinity maximum |
the M(t) run betweenl1993 andl999. This s illustratedin maps ofthe salinitymaximumat 136mdepth,in Januaryl993 (Fig.4)
and Januaryl1998 (Fig.5), and alsoin vertical profiles of salinity at 10°S 170°E (Fig. 6). The mapsshow a weakeningof the
salinity maximum in the M(t) run west of 140°W by January1998, althoughthe sourceregion, near 20°S 120°W, appears
unchanged.The M(t) profiles (lower plot, Fig 6), show vertical thinning and a declinein the core maximum occurringmaostly

between 1995 and 1997 at this location.
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A comparisorof modelsalinitieswith CTD observationsakennear10°S165°E (Fig. 7) demonstratethat the M(t) runis at fault.
Oneindication ofwhy the M(t) run drifts off can beseen inFig.8,a plotof area averagemodel salinitiesn thewestern Pacificin
and below the salinity maximum. The M(t) run showsa steadydeclinein the maximum,at 136m,and increasingsalinity below
the maximum,at 430m. This behaviorsuggestshat the modelis too diffusive, causingtoo muchsaltto be lost to the deepocean.
Both the M(t,s) and M(t,s,tp) runslargely correctthis problemby assimilatingadditionalsaltinto the maximum,howevera better
approach might involve improving the model vertical eddy diffusivity.
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4. Surface Salinity Problem

The secondtype of error is associatedwith zonal displacementof the
Western Warm Pool during periods of westerly wind bursts and ENSO
activity. The easternboundaryof the Warm Poolis markedby high gradients
In both surface salinity and temperature. As this boundary moves zonally,
and forth,over afixed location,sea leveimay varyby 5to 10cm. Evidence of
this type ofsignal carmbe seerby comparinga plotof surfacesalinity alongthe
equator(Fig. 9) with a plot of modeland TP sealevel at 0°N 170°E (Fig. 10).
(Note that all of the sealevel serieshave beenreferencedto zero mean
betweenl1996 andl999). Episodes ofarge eastwardisplacement ofhe 34.8
o/oo contour correspontb timesof largesealevel discrepanciesTo highlight
this relationship,Fig. 11 shows for 0°N 170°E the M(t,s) sea level error
superimposedon the sea surface salinity and the surface geostrophicU
componenestimatedy the methodof Lagerloef etal, 1999]6].
M(t,s) run nor the M(t,s,tp) run is able to properly accountfor the surface

salinity fluctuations at this location.

5. Summary

All three model runs show high sea
level correlations within +/-10° of the

equator.

Two types ofsalinity errors affect the

results:

(1). The most seriousis a drift In the
subsurface salinity maximum in the
M(t) run causedby excessivevertical
IS corrected by
assimilating a synthetic salinity signal.

diffusion. This

(2).

which none of
completely account for.
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